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NASA TT F-13,643 
ACOUSTICAL EMISSION I N  NONDESTRUCTIVE INSPECTION 

L. X. Nepomuceno, H. Onusic 

ABSTMCT: The development of procedures f o r  using acoust ical  
emissions f o r  nondestructive t e s t i n g  i s  investigated.  The 
phenomenon of acoust ical  emission is described and a theore t i -  
c a l  model which explains t h e  experimental data  i s  given. 
The methods f o r  detect ing fractures and deformation i n  mater ia ls  
i s  described. Examples of t h e  analysis  of f r ac tu res  and the  
determination of cr i t ical  loads  f o r  s t ruc tu res  i s  included. 
N70-40401 - 

1.00 INTRODUCTION 

Knowledge concerning various types of nondestructive t e s t s  is  widespread. . 

However, due t o  t h e  ever-increasing necessi ty  f o r  highly accurate r e s u l t s  i n  

tests of t h a t  s o r t  i n  spec i f i c  inspections,  new nondestructive methods a re  

being developed t h a t  are linked t o  f a c t o r s  of t i m e  and economics. Obviously, 

some are b e t t e r  known than o thers ,  bu t  t h e  f a c t  remains t h a t  i n  general they 

are still i n  t h e i r  infancy; however, it i s  no l e s s  t r u e  tha t  the  r e s u l t s  

a t ta ined  allow us  t o  foresee fu tu re  po ten t i a l s  of nondestructive t e s t s .  Within 

tha t  scheme of ideas ,  t h e  main purpose of t he  present work is t o  have it 

placed, as indicated i n  t h e  above t i t l e ,  within "acoustic emission," one of t he  

new nondestructive tests,  t he  object ive of study conducted by hundreds of 

researchers. 

i n  t h e  most comprehensive way possible ,  even going t o  the  extent of endeavoring 

t o  use a common terminology, which i s  qu i t e  d i f f i c u l t  because, as i n  t h e  case 

of a l l  new f i e l d s  of technology, s tud ies  conducted independently evolve var ia-  

t i o n s  i n  terminology, sometimes even causing confusion u n t i l  such t i m e  as the  

In view of t h e  complexity of t h e  phenomena, it w i l l  be t rea ted  

techniques are universal ly  standardized f o r  t h e  common in t e re s t .  

2.00 DESCRIPTION OF THE PHENOMENA 

Acoustic emission is  a wave produced by the  mechanisms of fracture and 

deformity t h a t  take place within the  materials due t o  localized forces.  A s  

t he  r e su l t i ng  wave i s  e l a s t i c  by nature ,  it propagates i tself  throughout t he  

material and can be detained a t  the  material 's surface and converted i n t o  elec- . 
t r ica l  s igna l s  by means of p iezoe lec t r ic  sensors. This synthesis serves as t h e  

bas i s  fo r  t h e  adaptation of t he  phenomena t o  the  nondestructive test .  
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Thus, when a metal i s  subjected t o  a charge it emits sounds ( t h a t  i s ,  the  

phenomena of acoustic emission) brought about by processes due t o  permanent 

deformities,  such as d is loca t ions ,  s h i f t s ,  formation of microfissures,  etc.  

Such deformities produce "continuous" s igna ls  of acoust ic  emission which a re  

more ind ica t ive  of defect ive material .  - 
On t h e  other  hand, a ce r t a in  "noncontinuousf1 s igna l  i s  t h e  fundamental 

bas i s  of character izat ion of t h e  progress of a defect  within t h e  mater ia l  

receiving t h e  charge. 

For example, i n  steel  the  "continuous1I s igna ls  appear with a mean frequency 

of 5 Miz, accompanied by sporadic llnoncontinuouslr s igna ls  of 20 kHz, f o r  a 

mater ia l  suf fe r ing  only f rom deformity. Acoustic emission i s  observed i n  

duc t i l e  f r ac tu res  of s t e e l  samples i n  t h e  range of 40 t o  50 kHz. B r i t t l e  

f r ac tu res  produce lInoncontinuous1l s igna ls  of frequencies above 200 &Iz. 

A l l  of these s igna ls  a r e  recorded on magnetic tape by p iezoe lec t r ic  t rans-  

ducers f o r  subsequent i n t e rp re t a t ion ,  which include locat ion of t h e  defec t ,  

appraisal  of its s i z e  as w e l l  as an estimate of i t s  speed of propagation, which 

i n  most instances cons is t s  of a crack. Meanwhile, a l l  of these s igna ls  a r e  

recorded mixed i n  with s igna ls  of interference,  which can be confused as coming 

from acoust ic  emissions from assumed defects.  For example, i n  tubing with high 

pressure and temperature, t he  study of propagation of cracks is severely 

impaired by the  processes of cavi ta t ion ,  ebullience and turbulence of  t he  f l u i d s  

which a re  p rac t i ca l ly  within t h e  same frequency range of acoust ic  emission t h a t  

i s  being sought. The a l t e rna t ive  found,was t o  work a t  higher frequencies and 

the  adaptation of sonar f i l t e r s  and t h i s  brought success because t h e  acoust ic  

emission showed t h a t  it contained components of up t o  2 ma, when necessary. 

3.00 PRIMARY OBJECTIVE AS NONDESTRUCTIVE TEST 

The first idea having been launched with t h e  example o f . s t e e l  we should 

reveal t h a t  t o  t h e  first idea w a s  added the  f ea tu re  of number of counts of 

acoustic emission per  un i t  of t i m e ,  which completed the  primary object ive of 

t he  nondestructive t e s t  f o r  d i f f e ren t i a t ing  between mater ia ls  t h a t  are defect ive 

and those t h a t  are not. Thus, t he  main differences are: 

1) Increase of t he  rate of acoust ic  emission with the  increase of t he  

charge, which is  far greater  f o r  mater ia l s  with defec ts  than for 

materials  without defects. 

2 



Cracked mater ia ls  always ind ica te  t h a t  t he  acoustic emission shows 

up f o r  charges very low compared t o  a charge of weakness of the  same. 

On t he  other  hand, normal mater ia ls  have an emission which i n i t i a l l y  

is  close t o  t h e  charge of weakness. 

Cracked mater ia ls  produce s igna ls  with a wide range of flnoncontinuity,lr 

while normal materials a re  characterized by emitting ilcontinuousfl 

s igna ls  and they only contribute with "noncontinuous" s igna ls  a 

l i t t l e  before t h e  charge brought about by t h e  fracture .  

It is  possible  t o  ca lcu la te  t he  pos i t ion  of t he  defect  and subsequently 

locate  it by t r iangula t ion  and t o  u t i l i z e  multiple transducers. 

Experience shows t h a t  the  speed of propagation of the elastic waves 

of acoustic emission i s  s l i g h t l y  less than the  theore t ica l  speed of 

the  t ransversal  waves. 

Figure I i l l u s t r a t e s  t he  process of t r iangula t ion  where, by means of 

knowledge of the corresponding periods of time f o r  transducer-defects and estab- 

lishment of speed of prApagation, one obtains the  dis tances  produced. 

transducer the  dis tance is  obviously the  geometric place of t h e  equidis tant  po in ts ,  

which i s  a circumference. The in te rsec t ion  of t h e  geometric t racings provides 

the  locat ion of t h e  defect.  

For each 

4.00 ANALYSIS OF FRACTURES 

Once t h e  p o s s i b i l i t y  of i den t i f i ca t ion  of defect ive areas  has been del ineated,  

a s  well a s  t h e i r  locat ion i n  a first stage,  t h e  following s tage is  st i l l  more 

complex, consis tent  with t h e  estimate of f r ac tu re  charge, s i z e  and cha rac t e r i s t i c s  

of t he  defect  by means of a possible dependence of a l l  these imponderables on 

the  acoust ic  emission. 

It was s t a t ed  t h a t  metals show the  phenomena of acoustic emission when 

subjected t o  the  charge due t o  deformities. Now w e  should s ta te  t h a t  such 

deformities a re  processes subjected t o  p l a s t i c i t y  which e m i t  e l a s t i c  waves when 

given a charge a l i t t l e  before a t t a in ing  the  point of weakness, or t h a t  i s ,  

t h i s  occurs because ce r t a in  areas a t t a i n  such poin ts  due t o  the  concentration of 

tensions i n  those same areas. Within t h i s  frame of ideas ,  a crack would provide .  

such a concentration of tension and t h e  acoustic emission cha rac t e r i s t i c  would 

begin w e l l  below t h e  general point  of weakness of t h e  material. 
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This being the  case,  it w a s  appropriate t o  introduce a unique parameter, 

K ,  cal led the  factor  of tension in t ens i ty  which controls  the  tension i n  t h e  

proximity of t he  extremity of an e l a s t i c  crack. Such parameter depends on the  

body's geometry, shape, and type of charge present. This is known f o r  a great 

va r i e ty  of geometric shapes and around them are found d i r e c t l y  o r  i nd i r ec t ly  

t h e  estimates concerning a f rac ture .  I n  general i f  
1/2 K = C ,  a 

where, C = constant f o r  a given tension and geometric shape 

a = s i z e  of the  crack, 

Theoret ical ly ,  many models have been t r i e d  out  f o r  t he  purpose of predict ing 

a re la t ionship  between t h e  t o t a l  number of emissions observed ( N )  and the  - 

tension in t ens i ty  f ac to r  ( K ) .  

One of these models i s  supported by various hypotheses, among which the  

following a r e  fundamental: 

a)  The acoustic emissions per  un i t  of t i m e  (N) a t t a i n  t h e  maximum 

i n  the  proximity of t h e  point of weakness, See Figure 11-A,  

The s i z e  of t he  p l a s t i c a l l y  deformed area  i s  given by b) 

R =  1 
2 TT (K/oeIZ 

where, 

Be 
See Figure'II-B, 

Once t h e  emission occurs pr inc ipa l ly  due t o  the  mater ia l ' s  p l a s t i c  

deformity, then  it is assumed t h a t  N i s  proportionate t o  the  ma te r i a l ' s  

increase i n  volume i n  the  p l a s t i c  area per  un i t  of t i m e  ( V  1, or 
t h a t  is 

= material s tension weakness. 

c) 
0 

0 

P 

. 
From these two fundamental hypotheses an appraisal  of V provides, 

P 4 vp Q K 

and f i n a l l y  from the  la t te r  it turns  out  t h a t  

.The  l a t t e r  equation ind ica tes  t h a t  a t  any i n s t a n t  t h e  t o t a l  sum of counts 

w i l l  be proportionate t o  t h e  four th  power of the  tension i n t e n s i t y  f ac to r  present 

f o r  t he  defect  a t  t h a t  same ins tan t .  
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S In  prac t ice  it has been - observed t h a t  b K  , with the  exponent s varying 

from 4 t o  8. 

A cha rac t e r i s t i c  example can be seen i n  Figure 1 1 1 - A ,  f o r  four  samples 

of aluminum, with var iab le  cracks. A t  t he  same t i m e  Figure 111-B i l l u s t r a t e s  

those same samples i n  t h e  function of an applied charge. These two experimental 

items of da ta  give evidence of l i n e a r  dependence between K and the applied 

charge F. The shape of t h e  two sketches shows c l e a r l y  t h a t  re la t ionship ,  and 

then we have, 

K a/ F. 

The r e s u l t s  suggest a sequence f o r  appraisal  of the  f r ac tu re  charge and 

s i z e s  of defects  i n  complex s t ructures .  Such a sequence would be: 

d r a w  up graphs N-K f o r  t he  mater ia l  being examined f r o m  samples 

containing defec ts  of known geometric defects.  The cr i t ical  tension 

i n t e n s i t y  f ac to r  ( K  would be determined by making the  specimens 

break; 

the  s t ruc ture  being under an a r b i t r a r y  but su f f i c i en t  charge ( F  ) t 
would provide knowledge of N 

the  corresponding value K would be obtained from the  graph of t he  

first i t e m  i n  t h a t  sequence; 

given t h e  l i n e a r  dependence, K 0 F, then one would estimate t h e  f r ac tu re  

charge or cr i t ical  charge, Fc, by means of t he  equation 

C 

which would be measured) t '  

t 

F 

K 
F t =  c ;  

Kt c 
- -  

F 

an estimate of t h e  s i z e  of t h e  defect  would be obtained through the  

equation K = C . where C would be defined by the samples shown 

i n  the  f i r s t  i t e m .  

would then be the  c r i t i ca l  charge supported by the  s t ruc ture ;  
C 

Figure I V  i l l u s t r a t e s  t he  sequence delineated above. 

'If the re  were severa l 'defec ts  present i n  the  s t ruc tu re ,  one would obtain 

the  number of counts above and t h e  tension in t ens i ty  f ac to r  would favor the  

greater  defects.  

5 -00 OTHER APPLICATIONS 

Figure V i l l u s t r a t e s  

weakness of t h e  steel  due 

the  r e s u l t s  of tests conducted on cracks produced by 

t o  hydrogen, and where t h e  sum of t h e  counts would 
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provide i n  t h i s  case the  area of t he  defect. Such f a c t s  and graphs could be 

drawn up i n  the  sequence of the  preceding item, 

Another t yp ica l  c a p e  of appl icat ion would be t h e  examination of t h e  soldered 

areas  which present t he  greatest  advantages f o r  inspection when conducted during 

the  soldering process, which does not occur with t h e  r e s t  of t he  t e s t s ,  which 

a r e  effected a f t e r  completion of t he  same. Such advantage i s  due t o  the  f a c t  

t h a t  t he  e l a s t i c  waves of acoust ic  emission can be detected at  a good dis tance 

from the  soldered area,  I n  sum, t he  problem bears t h e  following charac te r i s t ics :  

The acoustic emission is produced by the  formation of cracks and t h e i r  

growth. There a re  strong indicat ions t h a t  porosi ty  produces (ob l i t e r a t ed  

word) acoust ic  emission. 

The amount of acoust ic  emission observed may be r e l a t ed  t o  t h e  s i z e  

and number of defects. 

As s t a t ed  i n i t i a l l y ,  there  e x i s t s  interference of s i m i l a r  emissions 

coming from the  solder ing 's  make-up. 

The above s igna ls  can be d i f fe ren t ia ted  by f i l t e r i n g  techniques. 

Signals a r e  s t rongly observed, even i n  soldered areas  with cracks 

undetected by means of radiography. 

Figure V I  i l l u s t r a t e s  a possible  re la t ionship  between the  s i z e  of t he  cracks 

and the  t o t a l  emission, i n  an inves t iga t ion  conducted concerning the  inspection 

of surf ace solderings . 
Other examples could be c i t e d ,  including the  s t ruc tu res  of a i rplanes 

against  fa t igue  cracks; s tud ies  of t he  mechanisms of fractures i n  metals and 

nonmetals; penetration of micrometeorites i n  space vehicles;  nuclear reac tor  

inspections,  etc. 

6.00 CONCLUSIONS 

It can be concluded t h a t  acoust ic  emission evidently does not  involve a 

rout ine technique and t h a t  there  still remains a l o t  t o  be done; but ,  despi te  

its infancy, f o r  ce r t a in  spec i f i c  cases it proves i t se l f  t o  be a very poten t ia l  

t oo l  . 
Given t h e  complexity of t h e  phenomena, ce r t a in  parameters have yet  t o  be 

be t t e r  i n t e r r e l a t ed  and b e t t e r  explained so t h a t  such techniques, with great 

p o s s i b i l i t i e s ,  may be stand&ized. O n  the other  hand, w e  should s t r e s s  t h a t  we 
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a r e  not t ry ing  t o  present d e t a i l s  concerning acoust ic  emission and it became 

possible t o  obtain a sequence, which i n  r e a l i t y  does not exist  because of t h e  

d i f f e ren t  paths followed by t h e  researchers. This being the  case,  the  main 

object ive was t o  give a bird's-eye v i e w  of t h e  process and t o  point  out  t h a t  

l i k e  acoust ic  emission, other  nondestructive t e s t s  w i l l  take the  place of those 

t r a d i t i o n a l l y  used, espec ia l ly  f o r  spec i f i c  cases ,  which evidently cannot be 

predicted for some t i m e  t o  come. 
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